The aim of this study was to evaluate the uterine health and fertility of postpartum beef cows subjected to timed AI (TAI) protocols at different days from calving. Lactating Nelore cows (Bos indicus; n = 244) were used in this study. The TAI protocols were initiated between 20 and 60 days postpartum (DPP). Cows were subjected to an estradiol-progesterone based TAI protocol. The cows were divided into three groups according to the days postpartum at the time the hormonal treatment was initiated: 1) Early (n = 64), cows between 20 and 30 DPP; 2) Middle (n = 115), cows between 31 and 45 DPP; and 3) Late (n = 65), cows between 46 and 60 DPP. At Day 0 of the protocol, endometrial cytobrush samples were collected. Slides for polymorphonuclear (PMN) cell counting were prepared and cytobrush was used for RNA extraction and analysis of relative abundance of il1, il6, il8, and tnf mRNA. Cows from the Early group had less (P < 0.05) pregnancies per AI (P/AI) than cows from Middle and Late groups; 29.7% (19/64), 45.2% (52/115), and 52.31% (34/65), respectively. Accordingly, the Early group had a greater (P < 0.05) proportion of PMN cells in the uterus than Middle and Late groups; 9.0%, 3.8%, and 2.2%, respectively. Relative abundances of il1 and il8 mRNA were greater (P < 0.05) in the Early group than Middle and Late groups. These results indicate that beef cows subjected to TAI protocols early postpartum (< 30 DPP) are less likely to become pregnant, which is associated with increased inflammation and relative abundance of mRNA for the proinflammatory cytokines il1 and il8.
Introduction
The use of artificial insemination (AI) protocols for which there is a combining of progesterone and estrogens to improve AI submission rates provides consistent conception results (∼50%) in postpartum beef cows (Sales et al., 2012) . This reproductive technology has made it possible to AI suckled beef cows without the need to detect estrus (Baruselli et al., 2004) . The most common https://doi.org/10.1016/j.anireprosci.2018.08.039 Received 22 June 2018; Received in revised form 21 August 2018; Accepted 28 August 2018 timed AI (TAI) protocol for beef cows maintained in tropical areas consists of an intravaginal progesterone insert, estradiol benzoate (EB) to induce synchronous ovarian follicular wave emergence, prostaglandin F2a analogues (PGFs) to induce luteolysis, and an ovulatory stimulus using an ester of estradiol (benzoate or cypionate).
Several studies have been performed to evaluate the factors that affect the fertility of postpartum cows submitted to TAI protocols, such as: hormone concentration, duration of progestagen treatments, time and dose of PGF2 alpha (PGF) injection, ovulation induction agent, estrous cyclicity status, parity, ovarian response, use and dose of eCG, proportion of cows displaying estrus before AI, body condition score (BCS) of the cows, among others Sa Filho et al., 2009 Ayres et al., 2014; Pfeifer et al., 2017) . In none of these previous studies was there an evaluation of the effect of uterine health on the fertility of postpartum beef cows subjected to TAI.
The complete postpartum uterine involution is necessary to promote the successful establishment of a pregnancy. The effects of age and milk yield (Fonseca et al., 1983) , dystocia (Sheldon and Dobson, 2004) , hypocalcemia, metritis and endometritis (Fonseca et al., 1983; Sheldon, 2004; Roche, 2006) , among others, can negatively affect uterine involution and the capacity to support pregnancy. After 3 weeks postpartum, the sloughing of necrotic tissue and hemorrhaging have ceased. Both, the weight of the uterus and the diameter of the previously pregnant horn have decreased more than 80% during this period. Grossly, both the weight and the size of the uterus have become static by 40 days postpartum and the uterine epithelium has been completely repaired (Call, 1989) .
Endometritis is either uncommon in beef cows, or has a limited impact on subsequent reproductive performance (Santos et al., 2009) . Dairy cows with persistent subclinical endometritis, however, were at substantially increased risk of failure to become pregnant before the end of the breeding season (Gilbert et al., 2005) . Subclinical endometritis (SEM) is an inflammatory condition of the uterus in the absence of clinical signs, and is characterized by the infiltration of polymorphonuclear cells (PMN, mainly neutrophils) in the endometrium, resulting in a significant reduction of the reproductive performance (Kasimanickam et al., 2004; Sheldon et al., 2009; Ricci et al., 2017) . The SEM can be as great as 26% in occurrence between 40 and 60 days postpartum (DPP) in dairy cows (Cheong et al., 2011) , and 23% of occurrence after 50 DPP in beef cows (Ricci et al., 2015) . Furthermore, associated with the infiltration of PMN cells in the uterus of dairy cows during puerperium, numerous proinflammatory cytokines and chemokines, including Interleukin (IL)-1β, IL-6, and IL-8 and tumor necrosis factor-α (TNF-α) are produced. Although the changes in gene expression of these cytokines are well characterized in dairy cows Ghasemi et al., 2012) , there are few reports for beef cows (Foley et al., 2012) . The effect of uterine inflammatory secretion in postpartum beef cows raised extensively and under tropical conditions, therefore, is unknown and information in this regard is lacking.
In healthy cows, uterus reparation is not complete until the sixth week postpartum (Call, 1989; Dadarwal et al., 2017; Sheldon, 2004) . Considering the need for intensive breeding in tropical cattle production systems, TAI protocols are conventionally initiated as early as 30 to 60 days postpartum Vasconcelos et al., 2009; Sa Filho et al., 2010 Sales et al., 2011 Sales et al., , 2012 Pfeifer et al., 2014) . Results of all these studies indicated that there were acceptable P/AI ranging from 46% to 65%. In few studies, however, has there been a comparison of the effect of days postpartum on P/AI and in none of the previous studies was there an evaluation of the relationship between uterine health and fertility to determine the optimal postpartum period to the onset of a TAI protocol in beef cows. Setting a minimum DPP, therefore, to include postpartum beef cows in TAI programs can improve reproductive efficiency.
Based on these considerations, the objective of the present study was to evaluate the uterine health and fertility of beef cows subjected to TAI protocols at different days in the postpartum period. The hypotheses was tested that beef cows subjected to TAI early after parturition would have a greater number of inflammatory cells and cytokines in the uterus and be less likely to become pregnant.
Materials and methods
The Committee for Ethics in Animal Experimentation from Embrapa approved all of the procedures performed in the experiment described in this manuscript (Protocol 03/2017).
Animals, hormonal treatments and sampling
Multiparous lactating Nelore cows (Bos indicus; n = 244), 4 to 10 years old, from two comercial beef farms in Rondônia -Brazil, were used in this study. All cows were maintained on Brachiaria brizantha pasture and given mineralized-salt and free access to water. The TAI protocols were initiated between 20 and 60 days postpartum (DPP). Cows were given 2 mg of estradiol benzoate (Bioestrogen Semen from two Nellore bulls at each farm was used for TAI and was equally distributed among treatments. The AI procedures were performed by one experienced technician at each farm. Serum β-hydroxybutyrate (BHB) concentrations were measured on Day 0 with a hand meter device (TD -4235
Experimental design and uterine health evaluation
The cows were divided into three groups according to the days postpartum (PP) when the hormonal treatment was initiated, as follows: 1) Early PP (n = 64), cows between 20 to 30 DPP; 2) Middle PP (n = 115), cows between 31 to 45 DPP; and 3) Late PP (n = 65), cows between 46 to 60 DPP, on the Day 0 of the TAI protocol.
A subset of cows (n = 148) was examined by vaginoscopy to evaluate and characterize the presence of vaginal discharge (Pleticha et al., 2009) on Day 0 of the TAI protocol. For vaginoscopic examination, the vulva was cleaned with a paper towel, and a sanitized vaginal speculum was introduced into the vaginal canal. Using a light source, the cervix and the vaginal canal were inspected, and the presence of secretion was classified and registered. Vaginal discharge was graded on a scale from 0 to 3 (0 = mucus, 1 = mucus with flecks of pus, 2 = ≥50% purulent exudate, 3 = hemorrhagic and/or purulent exudate), as adapted from others (Williams et al., 2005; Sheldon et al., 2006) . Cows with positive purulent vaginal discharge (PVD+) were defined as cows having a vaginal discharge score of one or more.
The same subset of cows from vaginoscopy was selected to collect samples from endometrium. For these purposes, an adapted cytological brush was coupled to the tip of a conventional AI equipment, covered by a disposable AI sheath and protected by a sanitary sheath, as described elsewhere (Cardoso et al., 2017) . The apparatus was inserted via cervix and the cytobrush was rotated to collect cells from uterine body. Immediately after the sampling, the cytobrush was uncoupled from the apparatus and was gently rolled onto a clean microscope slide using only half of its entire circumference, to ensure that a suitable quantity of cellular material remained on the untouched surface for gene expression analysis. Slides were air-dried and packaged for transport to the research laboratory. The cytobrush was then placed in a 2-mL cryotube filled with 1 mL of RNA later buffer and stored at −80°C for later processing. In the laboratory, the slides were stained using a commercial kit (Quick Panoptic ® , Laborclin, Pinhais, Brazil). Two hundred cells per slide were counted in an optical microscope (100 times magnification), including PMN, mononuclear and epithelial cells to calculate the proportion of PMN cells.
Ultrasonic examinations
On the morning of Day 10 (07:00 a.m.), the diameter of the preovulatory follicle (POF) was assessed in a subset of cows (n = 138) by ultrasonography (SIUI CTS-900, linear probe with 5 MHZ, Guangdong, China). An additional ultrasonic examination was performed 30 d post-TAI to assess pregnancy status. Visualization of the embryonic vesicle and detection of the embryo were the positive criteria for determining pregnancy.
RNA isolation
Total RNA was extracted from 40 cytobrush samples (14, 11 and 15 samples from Early, Middle and Late groups, respectively). Cells in tubes were pelleted with centrifugation at 2000 x g at 4°C for 10 min. Supernatant (600 μL) was discarded and 600 μL of 1% β-mercaptoethanol was added before total RNA was extracted according the commercial kit protocol (PureLink ® RNA Mini Kit, Thermo Fisher Scientific, Carlsbad, CA). Purity and quantity of RNA was assessed using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, USA). The RNA was treated with DNase I (Invitrogen, Thermo Fisher Scientific, USA) before reverse transcription to remove possible genomic DNA contamination.
cDNA synthesis and quantitative real-time polymerase chain reaction
Quantitative real-time polymerase chain reaction (qRT-PCR) was used to assess relative abundance of cytokine mRNAs in the cytobrush samples and was performed by an operator blinded to the cytology results.
First, for cDNA synthesis, the Anchored Oligo primer (dT) 23 (Sigma-Aldrich, USA) was incubated with the treated total RNA at 70°C for 10 min, as described by the manufacturer. Then the reverse transcription (RT) reaction was performed using the HighCapacity cDNA kit (Applied Biosystems, USA) according to the protocol described by the manufacturer, in a final volume of 20 μL/ reaction, using the following conditions: 25°C for 10 min, 37°C for 120 min and 85°C for 5 min. The synthesized cDNA was subsequently quantified by spectrophotometry (NanoDrop 2000 spectrophotometer; Thermo Fisher Scientific, USA) to assess the RT reaction efficiency, and was stored at −80°C until quantitation assessments were conducted.
The Perfecta SsoFast EvaGreen ® Supermix™ Kit (Bio-Rad Laboratories Inc., USA) was used according to the manufacturer's instructions to perform qRT-PCR analysis of relative abundance of il1β, il6, il8, tnfα, GAPDH, and βactin mRNA. Briefly, 10 μL of Perfecta SsoFast EvaGreen ® master mix for iQ (2X), 1 μL of the appropriate primer set (Table 1) at 10 μM, ultrapure water in a volume of 4 μL, and 4 μL of cDNA template was added for a final reaction volume of 20 μL.
The reaction was performed in the Bio-Rad CFX96™ detection system (Bio-Rad Laboratories Inc., Singapore) using the following program: 1 cycle at 95°C for 5 s, 39 cycles of 95°C for 5 s, 60°C for 20 s, and a melting curve standardized from a variable annealing temperature ramp from 65 to 95°C with an increase of 0.5°C every 5 s. Samples were amplified in duplicate and a melt curve was completed after each PCR reaction to ensure fluorescence quantification was specific to a single PCR product. Both no-template and no-reverse transcriptase controls were utilized to verify DNA-free status of the negative control samples.
The changes in gene expression were calculated by the 2 ΔΔCt method (Livak and Schmittgen, 2001 ) using the selected references genes (βactin and GAPDH). The first control sample was expressed as 1.00 by this equation, and all other samples were calculated in L.F. Machado Pfeifer et al. Animal Reproduction Science 197 (2018) 268-277 relation to this value. Afterward, the results in the control group Early PP) were averaged, and all other outputs were divided by the mean value of the relative abundance in the control group to yield the fold change of the genes of interest compared to the control group (Masternak et al., 2005) .
Statistical analyses
Statistical analysis was performed using SAS using the Student's t-test diameter of the largest follicle, proportion of PMN cells, and concentration of BHA. The Mann-Whitney test was used for analysis of relative abundances of mRNA. Pregnancy per AI and proportion of cows PVD+ were analyzed using the chi-square test. To calculate the probability of pregnancy according to the proportion of PMN cells in the uterus, cows were categorized in five classes, and then odds ratios (OR) and 95% confidence intervals (CI) were generated. Results were presented as proportions and OR. Optimal cut-off points for determining the relationship between the DPP and pregnancy status and between proportion of PMN in the uterus and pregnancy were calculated using receiver operating characteristic (ROC) curve. Specificity (Sp), sensitivity (Se), area under the curve (AUC) and P-value of the ROC test are reported. The relationship between the proportion of PMN cells in the uterine endometrium and DPP was determined by linear regression. P-values that were less than 0.05 were considered to be significant.
Results

Fertility and metabolic responses
Data for fertility responses are summarized in Table 2 . Cows from the Early group had a lesser (P < 0.05) pregnancy per AI (P/ AI) than cows from Middle and Late groups (Table 2 ). There was no difference (P > 0.05) in the diameter of the POF dominant follicle at TAI among groups (Table 2) .
Blood concentrations of BHB, according to postpartum group, are depicted in Fig. 1 . Cows from Middle group had lesser concentrations of BHB than cows from Late Group (P < 0.01). Concentration of BHB in cows from the Early group, however, was not different in comparison to the other groups. 
Uterine health and relative abundance of pro-inflammatory cytokine mRNA
The proportion of PMN cells in the uterus and the proportion of cows with PVD+ are shown in Table 2 . Cows from the Early group had a greater (P < 0.001) proportion of PMN cells in the uterus than the Middle and Late groups. Similarly, the proportion of cows with PVD+ was greater in the Early group than Middle and Late groups (P < 0.001). Independent of days postpartum, cows with a lesser proportion (< 2.5%) of PMN cells in the uterus were 11.8 times more likely to become pregnant than cows with a greater proportion (> 15%) of PMN cells (P < 0.001; Table 3 ).
The linear regression model indicates a negative relationship between DPP and proportion of PMN in the uterine endometrium ( Fig. 2 ; % PMN = 13.3-0.23*DPP; r = 0.36; P < 0.001). Based on the ROC curve, a cut-off point of > 35.5 DPP was correlated with pregnancy status at TAI; this optimal cut-off point presented 69.5% of specificity and 48.2% of sensitivity (AUC = 0.58, P = 0.01; Fig. 3 ). Furthermore, a cut-off point of 5% of PMN (Sp 57%, Se 79%; Fig. 4A ), of 2.5% of PMN (Sp 68%, Se 70%; Fig. 4B ), and of 1% of PMN (Sp 75%, Se 50%; Fig. 4C ), were correlated with pregnancy status at TAI for Early, Middle and Late postpartum groups, respectively.
The relative abundance of proinflammatory cytokine il1β, il6, il8, and tnfα mRNA is depicted in Fig. 5 . Data are reported as ΔCt relative to the housekeeping genes, Bactin and GAPDH. There was no difference in the control (βactin and GAPDH) Ct values between groups (P = 0.22; 24.4, 23.9, and 24.8 in cows from Early, Middle and Late groups, respectively). The consistency of abundance of βactin and GAPDH mRNA confirms the suitability as reference genes. Relative abundance of mRNA transcripts for il6 and tnfα did not change among groups. In contrast, relative abundance of the mRNA transcripts for il1β and il8 was greater (P < 0.05) in the Early group than Middle and Late groups.
Discussion
The aim of the present study was to explore the associations between the proportion of PMN in the uterus, the gene expression of inflammatory cytokines and fertility of TAI protocols in postpartum beef cows. The results of the current study supported the hypotheses for the present study. Cows subjected to TAI protocols early postpartum (≤30 days), had a lesser P/AI and greater proportion of PMN, greater uterine discharge, and greater relative abundance of mRNA transcripts for il1β and il8 in the uterine endometrium. Importantly, independent of days postpartum cows with a lesser proportion of uterine PMN had a greater P/AI. To the best of our knowledge this is the first report to indicate a cutt-off of 35 DPP as a voluntary waiting period to include beef cows in estradiol-progesterone based TAI protocols. Results from earlier studies, however, have documented that AI performed after an estrus occurring before 20 DPP would not result in pregnancies (Short et al., 1972) and that the interval from calving to first estrus and to Fig. 1 . Plasma concentration of β-hydroxybutyrate (BHB) for postpartum beef cows submitted to timed AI at different times in the postpartum period; Different letters indicate differences among groups (P < 0.05). Table 3 Risk factor for occurrence of pregnancy according to the proportion of PMN cells in uterus in timed AI postpartum beef cows. conception is negatively affected by the intensity of suckling (Wettemann et al., 1978) and amount of dietary energy (Wiltbank et al., 1964; Randel, 1990) . In the present study, the proportion of PMN cells decreased with increasing days postpartum. A similar relationship was observed in Angus postpartum cows, in which the proportion of PMN cells in the uterus decreased after 50 days postpartum (Santos et al., 2009) . In that previous study, however, 17% of the cows still had more than 5.5% of PMN after this period (e.g., 5.5% of PMN was the cut-off used to determine subclinical endometritis in that study; Santos et al., 2009 ). In contrast, data from the present study indicate that only 4.8% (1/21) of the cows had > 5.5% of PMN cells in the uterus after 50 DPP, and cows from the Middle group had an average 3.8% of PMN. This small proportion of PMN is less than the cut-off previously used to determine subclinical endometritis in beef cows at 30 DPP (6.5%; Ricci et al., 2017) . In that regard, cows that resume ovulation earlier postpartum resolve postpartum uterine inflammation more rapidly than those cows in which postpartum ovulation was delayed (Krause et al., 2014) . In addition, dairy cows having ovulations earlier postpartum have a reduced incidence of endometritis and increased pregnancy rate . Although the time of the first ovulation postpartum was not accessed in the present study, the proportion of cows in anestrous, at the onset of TAI protocol, was presumably greater in cows in the Early than in the other groups. It is important, therefore, to highlight this direct association between days postpartum, occurrence of first ovulation, uterine health and fertility, and the need to establish the most appropriate time for the beginning of the TAI protocol. Unfortunately, because the experiment was performed on commercial beef operations it was not possible to evaluate the presence of a CL to confirm ovulation after the TAI procedures.
Different from B. taurus beef cows (Santos et al., 2009) , in the present study, the presence of PMN cells in the uterus of postpartum B. indicus beef cows decreased sharply after 30 DPP. In that regard, the Receiver Operating Characteristic (ROC) curve for determining the relationship between the DPP and pregnancy status indicated a cut-off point of 35.5 DPP. Although the specificity and sensitivity were not great, this result was associated with pregnancy at the first postpartum TAI protocol. The P/AI in cows subjected to TAI ≤35 DPP was 32.6%, while P/AI for cows timed AI after 35 DPP was 50.0%. Furthermore, the proportion of PMN cells in the uterine endometrium in cows sampled with > 35 DPP was 2.9%, in which only 16.6% of these cows had > 5.5% PMN. By setting 35 Fig. 2 . Relationship between proportion of PMN cells in the uterine endometrium and Days Postpartum in Nelore cows subjected to TAI protocol. Fig. 3 . Receiver Operating Characteristic (ROC) curve for determining the relationship between the DPP and pregnancy status in beef cows; Analysis of the ROC indicated that the use of a cut-off point of more than 35.5 DPP was 69.5% specific and 48.2% sensitive; Area under the curve = 0.58, P = 0.01. DPP, therefore, as the minimum DPP to include postpartum beef cows for TAI programs there can be an improvement in reproductive efficiency. The results from the present study indicate that cows with adequate DPP and a healthier uterus are more likely to become pregnant at the first TAI postpartum.
The process of uterine involution is not clearly understood, and the measurement of the uterus physical dimensions may not fully represent the underlying cellular and biochemical changes taking place during the postpartum period. The normal range for completion of the uterine involution is 30 to 40 days postpartum (Call, 1989; Sheldon, 2004) , thus, if the goal is the production of one calf per year in tropical commercial beef farms, some cows have to be subjected to TAI protocols as early as 30 days parturition. In the present study there are indications that the presence of PMN cells in the endometrium decreases to 60 DPP. Thus, cows from the Early group may not have completed all biochemical and cellular changes needed for complete uterine regression at beginning of the protocol and this can lead to lesser pregnancy rates. From this perspective, the greater proportion of PMN cells in the uterus of these cows provides support for this hypothesis.
During the peripartum period, the stress of pregnancy, parturition, onset of lactation and suckling negatively affect the energy balance (Ciccioli et al., 2003) . The transition period in beef cows induces a postpartum negative energy balance (NEB), characterized by elevated concentrations of BHB that indicates a metabolic dysfunction resulting from poor adaptation to NEB (Herdt, 2000) . Although, lesser serum BHB concentrations were indicative of improved reproductive performance in beef cows (Mulliniks et al., 2013) , in the present study, the greater BHB was observed in the Late group, in which P/AI was also greater. This relatively greater BHB detected in Late group can be associated with the increasing milk production in B. indicus (Oliveira et al., 2007; Jian et al., 2015) and the nadir of BCS after parturition (Diaz et al., 2017; Pfeifer et al., 2017) . Bos indicus cows maintained on pastures have a reduction in BCS from parturition until about 80 days postpartum. This use of energy reserves evidenced by metabolic blood changes, however, does not affect the results of conducting a TAI program. Cows from the Late group had a similar diameter of the POF than other groups and had similar P/AI than cows from Middle group. Thus, although the NEB can negatively affect the ovarian follicular development and ovulation (Wiltbank et al., 2002) , in the present study, cows from all experimental groups had similar POF diameter.
As previously observed (Ghasemi et al., 2012; Cardoso et al., 2017) , the cytobrush technique was useful for collection of endometrial epithelial cells to obtain RNA of sufficient quantity and quality for gene expression analysis. In the present study, large increases in relative abundance of il1β and il8 cytokine mRNAs were associated with a greater proportion of PMN in uterus and lesser P/AI. Inflammatory mediators have a detrimental effect on embryo development (Hill and Gilbert, 2008) . Thus, the increased inflammatory mediators present in uterus during puerperium can be detrimental for fertility in cows subjected to TAI early postpartum. During puerperium, numerous proinflammatory cytokines and chemokines, including il1β, il6, il8, and tnfα are produced in the uterus (Herath et al., 2006; Ghasemi et al., 2012) . Furthermore, resident macrophages also contribute to the inflammatory process by release of cytokines and chemokines after phagocytosis of bacteria (Tzianabos, 2000) . Importantly, TNF and IL-1 stimulate expression of chemokine genes (e.g., il-8 and monocyte chemotactic protein-1 (MCP-1)) and adhesion molecules on vascular endothelial cells, leading to neutrophil and monocyte diapedesis and chemoattraction (Sica et al., 1990; Roach et al., 2002) . The Il6 gene expression has been associated with the activation of the inflammatory cascade in response to bacterial infection Ghasemi et al., 2012) . In the present study, as occurred with the proportion of PMN in the uterus, gene expression of proinflammatory cytokines was greater in samples collected from cows in the Early group.
In conclusion, the proportion of PMN cells decreased rapidly with increasing days postpartum in Bos indicus cows managed in tropical conditions. Consequently, P/AI with use of TAI programs increased with the decreasing of PMN cells in the uterus. As the aim of cattle producers is to produce one calf per year, in South American beef operations, there is imposition of TAI programs on cows as early as 30 DPP. The results from the present study, however, indicate that cows with adequate DPP and a healthier uterus are more likely to become pregnant at first TAI postpartum. Cows subjected to TAI protocols early postpartum (≤30 days), have a greater proportion of PMN, greater uterine discharge, and greater abundance of mRNA transcripts for il1β and il8 in the uterine endometrium. Consequently, this group of cows had a lesser P/AI at TAI. In this regard, the cutt-off of 35 DPP to include cows in TAI programs, observed from ROC analysis, seems reasonable to avoid AI of these cows.
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